Non-alcoholic fatty liver disease (NAFLD) represents one of the most common liver diseases. It is strongly associated with obesity and insulin resistance and thought to be parameters of the metabolic syndrome. NAFLD can progress to non-alcoholic steatohepatitis then to cirrhosis and liver failure. This study aimed to investigate whether silymarin or/and taurine can improve non-alcoholic fatty liver in an animal model and whether this therapeutic approach can result amelioration in carbohydrates profile (serum glucose, insulin, insulin resistance index and hepatic glycogen), lipids profile (serum cholesterol, triglycerides, free fatty acids, leptin and adiponectin as well as hepatic total lipids & cholesterol), liver function profile (serum aspartate transaminase, alanine transaminase, total protein, albumin and haptoglobin) and the cytokines profile (serum tumor necrosis factor-α, interleukin-1ß and interleukin-6). The obtained results revealed a significant (p<0.001) increase in carbohydrates profile (glucose, insulin, insulin resistance index & hepatic glycogen) in NAFLD rats than those in their control ones. Similary, lipid parameters (serum cholesterol, triglycerides, free fatty acids and leptin as well as hepatic total lipids & cholesterol) and liver function tests (serum aspartate transaminase, alanine transaminase and haptoglobin)were significantly (p<0.001) elevated in NAFLD rats compared with their corresponding control group. On the other hand, induction of NAFLD to rats caused a significant (p<0.001) decrease in adiponectin level with a remarkable decrease in serum total protein and albumin. A considerable (p<0.001) elevation were occurred in all cytokines parameters (serum tumor necrosis factor-α, interleukin-1ß and interleukin-6) in NAFLD rats group compared with their corresponding control group. When, NAFLD rats group was treated with silymarin or/and taurine, a considerable amelioration effects in all previous studied parameters were pronounced dependent on certain mechanisms and time of treatment. In conclusion, silymarin or/and taurine reduced metabolic abnormalities associated with NAFLD via inhibition the oxidative stress, increment in the stabilization of mitochondrial membrane, reduction the lipid accumulation in the liver, enhancement in the endoplasmic reticulum (ER) and improving insulin resistance. Overall, silymarin and taurine may be considered as promising and novel therapies for the treatment of NAFLD.
INTRODUCTION
Metabolic disorders related to excess nutrient intake have been on the rise in recent decades (Angulo, 2002) . Increased incidences of metabolic syndrome, obesity and type II diabetes have also lead to an increased awareness of the significance of co-morbidities associated with these diseases, one of which is nonalcoholic fatty liver disease (Khedmat & Taheri The increase in consumption of high calorie diets, specifically through refined carbohydrates or/and fructose, positively correlates with an alarming increase in obesity, type II diabetes and NAFLD (Ouyang et al., 2008) . Moreover, NAFLD has been convincingly associated with the metabolic syndrome and insulin resistance. Insulin resistance, through inhibition of lipid oxidation and increased fatty acids and triglycerides synthesis, is believed to be a key factor in the development of fatty liver (Xirouchakis et al., 2008) . Moreover, (Ong et al. 2008 ), on the other hand, reported that insulin resistance is also characterized by altered production of adipokines variables such as adiponectin, leptin, resistin and tumor necrosis factor-α (TNF-α).
Basic scientific research has uncovered the mechanisms by which some plants afford their therapeutic effects. Silymarin has been shown to have clinical applications in the treatment of toxic hepatitis, fatty liver, cirrhosis, ischemic injury, radiation toxicity and viral hepatitis via its anti-oxidative, anti-lipid peroxidative, anti-fibrotic, anti-inflammatory, immuno-modulating and liver regenerating effects (Schattenberg & Galle, 2010; Aghazadeh et al., 2011; Hebbard & George, 2011 and Elitok, 2012) . Hepatoprotective activity of silymarin has been demonstrated by various researchers from all over the world against partial hepatectomy models and toxic models in experimental animals by using carbon tetrachloride (Girish & Pradhan, 2012) ethanol (Renganathan, 1999) , Dgalactosamine (Datta et al., 1999) and Amanita phalloides toxin (Kosina et al., 2002) .
Taurine, or 2-aminoethonesulfonic acid, is an organic acid. It is also a major constituent of bile (Bellantini et al., 1987) and can be found in the lower intestine and in small amounts in the tissues of many animals as well as human. Taurine is a derivative of the sulfur-containing (sulfhydryl) amino acid, cysteine. It is one of the few known naturally occurring sulfonic acids. The aim of the current investigation is to evaluate the effect of intake of silymarin or/and taurine on improving several biochemical and immunological parameters in nonalcoholic fatty liver disease in male rats as animal model.
Materials and Methods
Seventy adult male albino rats (Rattus rattus) approximately of the same age (12±1 week old) and weight (200±10g) were obtained from the Breeding unit, Serum and Antigen Laboratories at Helwan and employed in this investigation. They were caged in wire bottom galvanized metal wall boxes under controlled environmental conditions and were provided with diet and tap water ad libitum for one week prior to the experiment for adaptation.
At the beginning of the experiment, the rats were randomly and unequelly divided into two main groups according to the type of diet. In the first group (normal control rats group), twenty (20) rats were fed on a control diet, containing 60% corn starch, 20% casein, 0.7% methionine, 5% corn oil, 10.6% wheat bran, 3.5% salt mixture and 0.2% vitamin mixture and served as control. While, in the second group (NAFLD rats group), fifty (50) rats were fed on the same previous diet except that corn starch was replaced with an equal amount of fructose (30%) and lard (30%) according to (Du Vigneaud & Karr 1925 ) and approved by (Pooranaperundevi et al.2010) .
After one month, ten rats from each previous group were taken to compare the alterations in the profiles of serum carbohydrate, lipid and hormones associated with changes in both liver carbohydrate and lipid profiles to assure the induction of NAFLD in rats.
From the remaining rats (50), five comparisons were made between normal control rats (10 rats) and four equal subgroups of rats (40 rats) with experimentally NAFLD. The first experimentally NAFLD subgroup was served as recovery group. The second NAFLD subgroup was treated intragastrically with 1g silymarin/kg body weight for 2 months according to (El-Sheikh & Abd El-Fattah 2011) and served as silymarin subgroup. The third NAFLD subgroup was injected intraperitoneally (i.p) with 500mg taurine/kg body weight according to (Chen et al. 2006 ) with a little modification with (Xiao et al. 2008 ) for 2 months and served as taurine subgroup. The fourth NAFLD subgroup rats were received both silymarin and taurine for the same previous dose and period. The rats in the five subgroups were divided into two intervals (one and two months; five rats in each interval).
At the end of each experimental period, rats were slightly anaesthetized by diethyl ether. Fasting blood samples were collected from the heart in clean dry test -4 -centrifuge tubes, they were centrifuged at 10,000 rpm for 20 minutes and sera were separated and kept at -20°C for analysis of the parameters.
Rats were then sacrificed and immediately livers were removed aseptically, washed with saline solution (0.9% NaCl) and kept at -20°C till investigations.
Serum glucose, total cholesterol, triglycerides, free fatty acids, total protein and albumin concentrations were estimated colorimetrically using commercial kits from Prolabo Co. (France). Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined colorimetrically using commercial kits from DiaChem Ltd., Budapest, Hungary. Serum insulin, leptin, adiponectin, haptoglobin, tumor necrosis factor-α, interleukin-1ß and interleukin-6 levels were assayed using commercial ELISA (Sandwich Immunoassay Technique) specific kit for rats (Diagnostic Automation, INC. USA). The homeostatic model assessment (HOMA) value as a measure of insulin resistance (IR) was calculated using the following formula: fasting insulin (µU/L)×fasting glucose (mmol/L)/22.5 (Matthews et al., 1985) .
The glycogen kit is a convenient assay to measure glycogen levels in biological samples according to (Joseph et al. 1961 ). This kit was purchased from BioVision Research Products Co. (USA).
The liver total lipids and cholesterol concentrations were estimated using commercial kits from Prolabo Co. (France).
Data were statistically analyzed using Student "t" test in the first experimental to evaluate the difference in parameters tested herein between experimentally NAFLD in rats and normal control rats in the preliminary experiment according to (Milton et al. 1986 ) using a computer program (Costate). Values of P< 0.001 were considered statistically significant. However, Two Way Analysis of Variance (ANOVA) followed by Duncan's multiple range test was used in the second experiment according to (Duncan 1955 and Snedecor & Cochran 1982) to measure the differences in the variables dependent on both time and treatment.
Results and Discussion
The role of insulin resistance in NAFLD is complex. Both hepatic and systemic insulin resistances are strongly associated with NAFLD. In a fatty liver the ability of insulin to inhibit hepatic glucose production is impaired leading to hyperglycemia and further insulin resistance (Tilg & Moschen, 2008 and Onnerhag et al., 2013) . There is no world-wide standardized cut-off level for HOMA-IR in diagnosing insulin resistance and the insulin assay differs between countries. According to the WHO criteria for the metabolic syndrome, insulin resistance is defined as the lowest 25% glucose uptake in the background population in the hyperinsulinemic euglycemic clamp (Eckel et al., 2005 (Ludwig et al., 1980 ). In the current study, NAFLD rats group recorded a significant (p<0.001) elevation in the levels of serum glucose and insulin associated with a significant increment in the value of insulin resistance (HOMA-IR) as compared to their corresponding control group (Table 1) . These results may be due to a defect in insulin binding caused by decreasing receptors number or their affinity; changes in Toll-like receptors (TLRs) accompanied with elevation in the pro-inflammatory cytokines (TNF-α, IL-1ß and IL-6) or/and defects at the level of effect molecules such as glucose transporters and activities of their enzymes involved in glucose metabolism. Judging from the data presented in this work, similar results were obtained by (Chen et The increment in the concentrations of glucose and insulin in NAFLD rats group (Table 1) may be due to the failure of insulin to inhibit hepatic gluconeogenesis and glycogenolysis which are to a large extent responsible for the development of fasting hyperglycaemia and persistent stimulation of insulin production by pancreatic β-cells (Bogdanova et al., 2006) . So, the elevation in the value of HOMA (Insulin resistance) may be attributed to disturbance in the PKB/Akt pathway and to inhibition in the activation of the forkhead transcription factor (FOXO-1).
In this investigation, the elevation in the content of glycogen in NAFLD rats group was pronounced and recorded in Table (1). The percentage of this increase was reached to 79.82. These data may be due to the increment in the HOMA value and hepatic diacylglycerol (DAG) content associated with disturbance in circulating adipocytokines (leptin and resistine) levels and significant lower levels of GSH pool in the hepatocytes as a result of decline in activities of the glyoxalases I and II than those of their corresponding ones.
These results are parallel with Samuel et al. (2004 & 2007) , who recorded that the liver glycogen content was increased in the liver of NAFLD group as compared to normal group. The authors referred these results to the elevations in the level of free fatty acids which inhibits carbohydrate oxidation, insulin-stimulated glucose uptake and its incorporation into glycogen due to a decrease in the activity of glycogen synthase. The disturbance in fatty acid partitioning could contribute to insulin resistance due to the inhibition of cytosolic long-chain fatty acyl (LCFA) CoA oxidation. The mechanism involves malonyl-CoA, which inhibits carnitine palmitoyltransferase (CPT). CPT controls the transfer of LCFA acyl-CoA from the cytosol into the mitochondria where they are oxidized. There is an association between elevations of malonyl-Co-A and insulin resistance (Heibashy et al., 2013) .
There is now much emerging evidence that chronic consumption of highfructose diets contributes to excessive formation of reactive oxygen species (ROS). This leads to induced oxidative stress and mediated insulin resistance (Houstis et al., 2006) . Moreover, an increase in cellular ROS accumulation directly triggers the activation of serine/threonine kinase cascades such as c-Jun N-terminal kinase and nuclear factor-kappa ß (NF-K ß ) that, in turn, phosphorylate multiple targets, including the insulin receptor and the insulin receptor substrate (IRS). Increased serine phosphorylation of IRS directly decreases its ability to undergo tyrosine phosphorylation and accelerate the degradation of IRS-1, causing impaired glucose uptake in muscle, liver and adipose tissues (Yao et al., 2011 ).
In the current study, administration of high carbohydrate (30% fructose)-high fat diet (30% lard) for one month to induce NAFLD in rats caused a significant increment in serum total cholesterol, triglycerides and free fatty acids as compared to their corresponding normal fed rats ( Table-1 ). These results may be due to the increment in the free radicals production which led to alteration in the mitochondrial function (Less in the number, decrease the size and deformation in the shape) associated with alteration in the function of smooth ER due to the elevation in the lipid oxidation. Also, the increment in serum total cholesterol, triglycerides and free fatty acids may be due to the increment in the de nove lipogenesis, change in Niemann-Pick C1-like 1 (NPC1L1) gene expression which has been shown to play a pivotal role in cholesterol absorption (Loss of NPC1L1 expression has been shown to protect against diet-induced fatty liver), disturbance in the hypothalamus-pituitarythyroid axis (HPTA), alteration in the neuropeptide-Y (NPY), orexin A (OX-A) and orexin B (OX-B), elevation of ceramides levels or/and the decrease of β-oxidation of lipid in the matrix of mitochondria. These results are in agreement with the viewpoint that mitochondrial dysfunction participates (Number, size and shape) in the pathogenesis of NAFLD at different levels, mainly including lipid oxidation impairment and the induction of peroxidative production ( In fact, insulin and glucose both drive lipogenesis by respective transcription factors, sterol regulatory element binding protein 1c (SREBP-1c) and carbohydrateresponsive element binding protein (ChREBP). Hyperinsulinemia despite insulin resistance induces the expression of SREBP-1c, a transcriptional activator of all lipogenic enzymes, resulting in increased rate of fatty acid synthesis (Shimomura et al., 1999) . Overexpression of SREBP-1c in transgenic mice livers leads to classic fatty liver due to increase lipogenesis (Shimano et al., 1997) .
In addition to insulin, glucose activates lipogenesis through transcriptional factor carbohydrate-responsive element binding protein (ChREBP). ChREBP simultaneously activates liver-type pyruvate kinase (L-PK), key regulator of glycolysis and all lipogenic genes (Uyeda et al., 2002) , including acetyl-CoA carboxylase and fatty acid synthase (Ishii et al., 2004 ). -Cholesterol is either synthesized de novo in the liver or delivered to the liver by lipoproteins (Ginsberg et al., 2005) . The metabolism of cholesterol in NAFLD remains poorly explored, insulin resistance is associated with increased cholesterol synthesis (Gylling et al., 2010) . Recent metabolomic analysis implicated that cholesterol synthesis in NAFLD patients is increased, in contrast to diminished absorption of cholesterol (Simonen et al., 2011 ). The expression of cholestrogenic genes was also found elevated in NAFLD patients, accompanied by decreased SREBP-2 and LDLR expression (Olofsson et al., 2000) . In rodents, excess cholesterol intake contributes to the development of NAFLD even in the absence of obesity (Matsuzawa et al., 2007) . -n= number of rats.
-(*) refer to significance (P < 0.001).
Cholesterol is indispensable, however, toxic in excess. Intracellular level of cholesterol is tightly regulated by a number of mechanisms that govern uptake, synthesis, catabolism and export. Two master regulators of these pathways are the transcription factors SREBP-2 and liver X receptor (LXR). When intracellular cholesterol levels drop, SREBP-2 induces cholesterol biosynthesis and uptake . In contrast, excess intracellular cholesterol inhibits SREBP-2 and activates LXR, which in turn promotes cholesterol export and elimination (Peet et al., 1998) .
Leptin is the main regulator of fat in the organism. It is released from the fat tissue into blood then dispensed into the tissues (adipose tissue, peripheral lymphoid tissue, central nervous system, gastrointestinal tract and liver) over the body by -8 -circulation and combines with its receptors, which then interact with Janus family protein tyrosine kinase/signal transduction and activates transcription factors (JAK/STAT), mainly JAK2/STAT3, to cause the related biological effects (Chitturi et al., 2002) and to exhibit the function of diet control and energy metabolism regulation (Angulo, 2007) .
In the current work, serum leptin level was significantly increased in NAFLD rats group as compared to their corresponding control group (Table 1) However, interesting issues observed that insulin has a direct influence on the synthesis and secretion of leptin (Angulo, 2007 and Heibashy et al., 2013) . It is thought that leptin participating in glycol-metabolism and fat-metabolism in liver mainly depends on the regulation of gene expression of phosphoenolpyruvic acid and efficiency of glyconeogenesis which stimulates liver intake of lactic acid and genesis of hepatic glycogen. Simultaneously, it activates the carnitine acyl transferase through protein kinase A, then regulates fat metabolism. Furthermore, leptin interferes with the role of insulin in the liver, on one hand, it counteracts the downregulation of phosphoenolpyruvate carboxykinase (PEPCK) induced by insulin, restrains the phosphorylation of insulin receptor substrate-1 to be involved in the signal transduction; on the other hand, leptin restricts triglyceride synthesis and elevates the insulin sensitivity of liver and peripheral tissues. Leptin can also decrease triglyceride by reducing diet intake (about 50%) and enhancing energy consumption (Chitturi et al., 2002) .
Moreover, adiponectin may protect against NAFLD and steatohepatitis also through its anti-inflammatory action. It is well known that inflammation is a key mechanism in the progression of fatty liver to hepatitis and cirrhosis (Pagano et al., 2006) . Adiponectin level is correlating inversely with circulating levels of TNF-α and IL-6 because both these cytokines inhibit adiponectin messenger RNA in adipose tissue (Angulo, 2007) Hepatic total lipid and cholesterol contents were significantly (p<0.001) increased in NAFLD rats group compared to their values in the corresponding normal fed rats group (Table 1) In the current study, hepatic damage in NAFLD rats group was evident from the elevation in the activities of serum AST and ALT associated with a significant decline in the levels of serum total protein and albumin compared to their values in the corresponding normal fed rats groups (Table 1) . These biochemical changes reflected the hepatocellular damage including a reduction in the synthetic capacity of the liver in NAFLD rats group. These results may be due to excessive formation of reactive oxygen species (ROS) which leads to induce oxidative stress and mediate insulin resistance associated with considerable decreases in the glutathione content and the activity of glutathione peroxidase and glutathione reductase as well as significant increase in the lipid peroxidation level. The decrease in the levels of serum total protein and albumin in NAFLD rats group may be due to the elevation in the breakdown of SH-bond, disturbance in the endoplasmic reticulum (ER) function, increment in the deamination of amino acid or/and decrease in the activity of AST and ALT in the hepatic cells. These data are in harmony with several recent investigations that reported a significant increase in lipid peroxidation and reduction of hepatic antioxidant enzyme activities in rats fed high fructose diet ( Haptoglobin (Hp) is an acute phase protein whose expression increases several folds during inflammation (Nakagawa et al., 2008) . It is not surprising to find a significant elevation in the levels of haptoglobin in NAFLD rats group compared to their values in the corresponding normal fed rats groups (Table 1) . These data may be due to the elevation of pro-oxidants, increment in the expressions of inflammatory cytokines (TNF-α, IL-1ß and IL-6), the over-expressions the genetic polymorphism of haptoglobin (HP) and increasing serum fucosylated haptoglobin (Fuc-Hpt) level, pronouncing of hyperferritinemia associated with changes in the levels of ceruloplasmin and alpha-2-macroglobulin (α-2MG). These data are in parallel with those obtained by Cytokines are novel biomarkers for helping in diagnosis of NAFLD. These are dependent on byproducts arising from the pathogenetic mechanisms accompanying inflammation, oxidative stress and liver fibrosis (Choudhuri, 2013) in NAFLD subjects. Cytokines are originating from T helper 1 (Th1) and T helper 2 (Th2) subtypes. The main proinflammatory Th1 cytokines are tumor necrosis factor-α (TNF-α), interleukin-1ß (IL-1ß), interleukin-6 (IL-6) and interferon; whereas the main Th2 anti-inflammatory cytokines are IL-4 and IL-10. In general, Th1 induces Th1 cytokines and inhibits Th2 cytokine production and vice versa (Crews et al., 2006) . Normally, there is a balance between pro-inflammatory and anti-inflammatory cytokines (Das & Balakrishnan, 2011) .
Judging from the data in Table ( The cytokines (TNF-α, IL-1ß and IL-6) are thought to represent the first step towards the subsequent development of liver fibrosis (Cosma, 2014). Damaged liver cells generate ROS which stimulate the release of pro-inflammatory cytokines like TNF-α from hepatocytes and Kupffer cells thereby increasing the severity of inflammatory stress in the liver (Jaya et al., 2010) . Also, because fat accumulates in the liver, there is sustained hepatic generation of pro-inflammatory cytokines from the Kupffer cells, leading to a vicious cycle of worsening insulin resistance and severity of steatohepatitis (Sebastiani et al., 2014) . Increased TNF-α production led to suppress insulin receptor signal transduction in fructose-fed rats. Miller & Adeli (2008) suggested a link between inflammation and insulin resistance. Recent studies also showed that plasma concentrations of TNF-α, IL-1ß and IL-6 were higher in high fructose-fed. Several authors attributed these data to the disturbance in the collagen and hyaluronic acid (HA) levels which are good markers of insulin resistance 
A, B, C, D, E Means with a common superscript within a row are significantly different at (P<0.05). a, b Means with a common subscript within a column are significantly different at (P<0.05).
Inflammatory cytokines are important mediators in the development of NAFLD. Among inflammatory cytokines, TNF-α and IL-1β have multiple functions including immune modulation, cell differentiation, proliferation, apoptosis, and energy metabolism. Indeed, expressions of TNF-α and IL-1β are increased in NAFLD patients and animal models (Hui et al., 2004) . In contrast, most of TLR-deficient mice show decreased TNF-α and IL-1β levels in NAFLD models (Miura et al., 2010) .
TNF-α levels are increased in the liver, the adipose tissue and the serum of NAFLD patients. Expression of TNF receptors is also increased in the liver of -NAFLD patients. So far, several mechanisms of TNF-α-mediated functions are proposed: (1) insulin resistance, (2) release of fatty acids from adipose tissue, (3) regulation of lipid influx and efflux in hepatocytes and (4) In the current work, the non-alcoholic fatty liver disease (NAFLD) subgroup rats which treated intragastrically (i.g) with 1g silymarin/kg body weight for one and two months recorded significant (p<0.05) decreases in the levels of serum glucose and insulin as well as in the insulin resistance (HOMA-IR) value associated with a significant decline in the liver glycogen content as shown in Table ( 2) and these enhancement were dependent on the time of treatment (1 & 2 months). These data may be attributed to the powerful of pharma-properties of silymarin which acts against the pro-oxidant products mainly through free radical scavenging and the ability to increase cellular GSH content; its ability to regulate membrane permeability and increase membrane stability in the presence of xenobiotic damage; its capacity to regulate nuclear expression through steroid-like effects and its inhibition of the transformation of stellate hepatocytes into myofibroblasts (which mediate the deposition of collagen fibers, leading to fibrosis and cirrhosis). recorded that insulin sensitivity was restored by silymarin treatment as suggested by normalized insulinemia and HOMA-IR, despite the continued intake of the NAFLDinducing high fructose/fat diet. This hypoinsulinemic effect was shown in a previous clinical trial on cirrhotic diabetic patients.
As shown in Table ( 3), supplementation of silymarin (1g silymarin/kg body weight intragastrically) after induction of NAFLD to rats showed a significant (p<0.05) decrease in the serum lipid profile (cholesterol, triglycerides, free fatty acids & leptin) as well as hepatic total lipids and cholesterol levels associated with a significant increase occurred in the serum adiponectin levels through the whole experiment periods (One and two months). These results are in agreement with those of Hajiaghamohammadi et al. (2012) and Thounaojam et al. (2012) . They reported that the supplementation of silymarin improves dyslipidemia and decreases oxidative stress. Also, supplementation of silymarin to NAFLD rats reduces significantly serum hypertriglyceridemia via decreased synthesis of triglycerides by the liver or by inhibition of triglycerides release from the liver. Also, the previous scientists reported that the hypolipidemic effects of silymarin on lipid profile via the enhancement in de novo lipogenesis pathway and correction in the mitochondrial transport metabolism of long-chain fatty acids, thus for myocardial energetic metabolism. Fatty acids cross mitochondrial membranes derivatives to enter pathways for oxidation, acylation, chain shortening or chain elongation-desaturation. Therefore, the action of silymarin on fatty acid transfer is central to lipid metabolism and dietary supplementation of silymarin improves the utilization of fat providing marked reduction in serum levels of TG ( Furthermore, silymarin regulates the turnover of the fatty acids into phospholipids membranes, a process known as the deacylation-reacylation cycle of phospholipids membranes (Girish & Pradhan, 2012) . Silymarin is suggested to act as CoA buffer, maintaining the acyl CoA/CoA ratio in cells and exerts a function in several metabolic processes. The transport of acyl-CoA across the inner mitochondrial membrane to the matrix determines a reduced availability of CoA in the matrix and a decrease of CoASH. It determines a parallel increase in the acyl CoA/CoASH ratio, which inhibits the mitochondrial dehydrogenases; consequently, not only the oxidation of fatty acids but also the utilization of carbohydrates becomes impaired (Schrieber et The treatment of NAFLD rats with silymarin led to a significant decrease in the leptin level and a remarkable increase in the adiponectin concentration (Table 3) . These results may be due to the improvement in the pro-inflammatory cytokines, increment in the ß-oxidation of fat in the matrix of mitochondria, suppression in the fatty acid synthase (FAS) associated with activations in both acyl-CoA carboxylase (ACC) and carnitine palmitoyltransferase I (CPT-I) as well as modulation in the expression of adiponectin gene. These data may be also attributed to the corrections in the hypothalamus-pituitary-thyroid axis (HPTA) and the production of neuropeptide hormones (Neuropeptide-Y, orexin-A and orexine-B) dependent on the time of treatment (One & two months). These data were confirmed by several authors ( Also, in the current study, silymarin caused apparent improvement in liver functions as shown in Table ( 4) by restoring total protein and albumin levels that were decreased by high fructose/fat diet suggesting its immunopromoting effect (El-Sheikh & Abd El-Fattah, 2011). The structural similarity of silymarin to steroid hormones is believed to be responsible for its protein synthesis facilitatory actions. Silymarin can enter inside the nucleus and act on RNA polymerase enzymes resulting in increased ribosomal formation. This in turn hastens protein and DNA synthesis. This action has important therapeutic implications in the repair of damaged hepatocytes and restoration of normal functions of liver (Basiglio et al., 2009) .
Moreover, the supplementation of silymarin seems to encourage the liver to grow new cells, while discouraging the formation of inactive fibrous tissue. Silymarin acts as cellular guard by changing the outside layer of liver cells and keeping certain harmful chemicals from getting into liver cells. Also, silymarin may also cause the immune system to be more active ( . This hypothesis confirmed in the current work with a considerable decrease in the serum haptoglobin level after the NAFLD rats treated with silymarin (Table 4 ). The amelioration effects may be due to the improvement in the insulin resistance and inhibition in the hepatic stellate cell (HSC) activation due to the block of Mallory bodies production. The hepatoprotective, antioxidant and antifibrogenic in addation to the decline in the cytokines effects of silymarin observed herein are also consistent with previous studies ( The authors attributed these data to the antioxidant properties of silymarin which led to the decrease in the oxidative stress via ß-oxidation of fatty acids as well as the decline in the lipotoxicity with reduction in the endotoxin/TLR4 causing a remarkable decrease in the production of cytokines and endoplasmic reticulum (ER) stress and increment in the immune system and cellular enzymes antioxidants. This explanation reflects on the current data of cytokines profile (TNF-α, IL-1ß and IL-6) whereas, the supplementation of silymarin (1g silymarin/kg body weight intragastrically) after induction of NAFLD to rats showed a significant (p<0.05) decline in the serum TNF-α, IL-1ß and IL-6 (Table 5) Likewise, the hepatoprotective effect of silibinin was confirmed by the normalized level of circulating adiponectin and supported by the tendency to restore the NAFLD-induced loss of mitochondrial ATP. In addition, silymarin treatment significantly improved all indicators of inflammation that were heightened by the induction of NAFLD. Indeed, the infiltration of immune cells into liver tissue was significantly diminished and circulating TNF-α IL-1ß and IL-6 levels were remarkably reduced (Saller et In the current work, the non-alcoholic fatty liver disease (NAFLD) subgroup rats which treated (i.p.) with 500mg taurine/kg body weight for one and two months recorded significant (p<0.05) decreases in the levels of serum glucose and insulin as well as in the insulin resistance (HOMA-IR) value associated with a significant decline in the liver glycogen content as shown in Table ( 2) dependent on the time of treatment (1 & 2 months). However, taurine is a considerably potent hypoglycemic agent. Since, its suggested that taurine acts on rebuilding the architect of ß-cell of Langerhans island, improving the insulin receptor, regulating membrane permeability, increasing membrane stability, decreasing the formation of glycated end products (GEPs) and elevating the antioxidant immune system. These data are in agreement with those of Data of lipid profile in Table ( 3) revealed that there was a significant (p<0.05) decrease in the levels of serum total cholesterol, triglycerides, free fatty acids and leptin as well as the liver lipid and cholesterol contents associated with a considerable increment in the serum level of adiponectin in NAFLD rats group after injected intraperitoneally (i.p) with 500mg taurine/kg body weight compared to the corresponding control rats. These results may be attributed to the antioxidant properties of taurine which acts as free radical scavenger, decreases the formation of lipid peroxidation, improves the immune system, inhibits the absorption of lipids in the intestine, enhancement in the hypothalamus-pitutary-thyroid axis (HPTA), increases the conversion of cholesterol to bile acid as a result of enhancement of 7-α hydroxylase and modulates the rate limiting enzyme of hepatic cholesterol catabolism by the enhancement of LDL receptor binding in the liver.
Furthermore, administration of taurine into NAFLD patients or rats induced a reduction in serum and liver triglycerides. The previous observation was likely due to taurine inhibition of acyl-Co-A synthetase, the key enzyme in hepatic triglyceride synthesis proved that the increment of dietary taurine concentration decreases the - In the current work, taurine caused apparent improvement in liver functions as shown in Table ( 4) by restoring total protein and albumin levels that were decreased by high fructose/fat diet associated with a considerable enhancement in the activities of serum AST and ALT as well as a remarkable correction in the haptoglobin production. These data may be attributed the unique chemical structure and physical properties of taurine which improves the synthesis of protein via DNA synthesis, reduction of pro-oxidant formation, enhancement in the activities of enzymes antioxidants, modulation in SH-bond, correction in the skeleton of hepatic cells, amelioration in the glutathione pool or/and the activation of serine/threonine kinase cascades such as c-Jun N-terminal kinase and nuclear factor-kappa-ß that, in turn, phosphorylate multiple targets, including the insulin receptor and the insulin receptor substrate (IRS) proteins. These data are in harmony with those obtained by Furthermore, taurine is the principal biological methyl donor, the precursor of aminopropyl groups used in polyamine synthesis, and a provider of cysteine for synthesis of GSH. Experimental evidence also suggests that an additional role of taurine may be its action as a direct antioxidant (Chen et al., 2006) . Likewise, taurine is effective antioxidant by acting directly on scavenging hydroxyl radical ( As shown in Table ( . These data may be due to the antioxidant effects of taurine through reduction in the pro-oxidants and free radicals formation, the improvement in the immune system, the enhancement in the insulin receptor signal transduction, the correction in the collagen and hyaluronic acid (HA) levels, modulation in the mitochondrial function via incresing the ß-oxidation of fatty acids in the matrix of mitochondria with enhancement in the activity of acylCoA oxidase, improving the respiratory chain with elevation of ATP synthesis as well as correction in the endoplasmic reticulum by CYP-2E1 and CYP4A isoforms or ER protein folding, reduction in the Malloy bodies synthesis associated with the enhancement of LDL receptor binding in the liver and elevation in the adiponectin level.
Co-administration of silymarin and taurine to the NAFLD rats caused maximum correction effects on all studied parameters dependent on the time of treatment (One and two months). These results may be attributed to the synergistic effects of both silymarin and taurine. However, taurine improves the pharmadynamics and pharmakinetics properties of silymarin due to the presence of suphonic group which is a characteristic feature and unique group. For this reason, taurine administration to NAFLD rats may lead to improvement of the physiological, biochemical and pharmalogical properties of silymarin by increasing the activity of lipooxygenase acting together as free radical scavengers, cell membrane stabilizers, hypolipidemic agents and improvements in the auto-immune system. From the data of the current study, it could be concluded that the relation between adipose tissue and liver is emerging and may act as a major player in the link between metabolic syndrome and fatty liver disease. Thus, the changes of adipohormones levels provide the additional tool for NAFLD detection. Furthermore, the administration of antioxidants (silymarin or/and taurine) to NAFLD rats proved to have better protective action against non-alcoholic fatty liver disease. silymarin has an important mitochondrial detoxification effect on hepatocytes and other cells as well as regeneration of liver cells . It improved symptoms of NAFLD and might correct metabolic conditions. Taurine, on the other hand, acts as free radical scavenger, cell membrane stabilizer and lipid peroxidation reduction dependent on the time of duration.
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